A novel aerobic bacterium, designated strain LAM0050 T , was isolated from a biogas slurry sample, which had been enriched with diesel oil for 30 days. Cells of strain LAM0050
,

Advenella kashmirensis DSM 17095
T and Advenella mimigardefordensis DSM 17166 T , with 98.1, 96.6, 96.6 and 96.3 % sequence similarity, respectively. The DNA-DNA hybridization relatedness between strain LAM0050 T and A. faeciporci KCTC 23732 T was 41.7¡2.4 %. The genomic DNA G+C content was 51.2 mol%, as determined by the T m method. The major fatty acids of strain LAM0050 T were C 16 : 0 , C 17 : 0 cyclo, summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c) and summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c). The predominant ubiquinone was Q-8.The main polar lipids were diphosphatidyglycerol, phosphatidylethanolamine, phosphatidylmethylethanolamine and four unidentified phospholipids. Based on the phenotypic and genotypic properties, strain LAM0050 T is suggested to represent a novel species of the genus Advenella, for which the name Advenella alkanexedens sp. nov., is proposed, the type strain is LAM0050 T (5ACCC 06485 T 5JCM 30465 T ).
The genus Advenella belongs to the family Alcaligenaceae and was proposed by Coenye et al. (2005) . In 2009, two species of the genus Tetrathiobacter were reclassified based on phenotypic similarities, phylogenetic position and genetic and chemotaxonomic data and transferred to the genus Advenella by Gibello et al. (2009) . At the time of writing, the genus Advenella comprises four species with validly published names (http://www.bacterio.net/ advenella.html), namely: Advenella incenata (Coenye et al., 2005) (the type species), Advenella kashmirensis (Ghosh et al., 2005; Gibello et al., 2009) , Advenella mimigardefordensis (Wübbeler et al., 2006; Gibello et al., 2009) and Advenella faeciporci (Matsuoka et al., 2012) . Members of the genus are Gram-stain-negative, rod-or oval-to-coccoid shaped, motility is strain-dependent with the DNA G+C content ranging from 49.5 to 58.0 mol%. Strains of the genus have been isolated from various habitats including human and veterinary clinical samples, temperate orchard soil, compost and activated sludge.
Whilst studying the culturable oil-degrading microbial communities of a biogas slurry sample enriched with diesel oil, strain LAM0050 T was isolated. In this study, 10 ml of the biogas slurry sample was added to 100 ml sterilized mineral medium (all l 21 : 0.2 g MgSO 4 . 7H 2 O, 1 g K 2 HPO 4 , 1 g KH 2 PO 4 , 1 g NH 4 NO 3 , 0.05 g FeSO 4 , 0.02 g CaCl 2 , pH 7.0-7.2) supplemented with 10 % (v/v) diesel oil as the sole carbon source in a 250 ml Erlenmeyer flask. After incubation for 5 days at 30 8C on a rotary shaker at 160 r.p.m., 10 ml enrichment suspension was transferred to a fresh 100 ml sterilized mineral medium containing 10 % (v/v) diesel oil and incubated under the same conditions as described above. This procedure was repeated five times. The final enrichment culture was serially diluted, an aliquot of the culture (0.1 ml) was spread on nutrient agar plates (BD/Difco 212000) and incubated for 3 days at 30 8C. One of the isolates obtained, designated strain LAM0050
T , which was purified at least twice before preservation in 25 % (v/v) T for comparative analyses.
The morphological and physiological characteristics of cells from an exponentially growing culture were investigated by using a light microscope (Nikon; 80i) and a transmission electron microscope (Hitachi; 7500). Optimal growth conditions for strain LAM0050 T were tested in nutrient broth (BD/Difco 233000) medium or mineral medium. All tests were performed independently and in duplicate.
Gram staining was determined by using the standard method described by Smibert (Smibert & Krieg, 1994) . For motility testing, cells were stab cultured in semi-solid agar medium as described by Tittsler & Sandholzer (1936) . Catalase and oxidase activities were confirmed by observing bubble production in 3 % (v/v) hydrogen peroxide solution and with 1 % (w/v) tetramethyl-p phenylenediamine, respectively (Shin et al., 2012) . Growth at various temperatures (4, 10, 15, 25, 30, 35, 45, 50, 52 and 55 8C) and various pH values (4.4 to 11.0) was investigated in nutrient broth medium. Concentrations of NaCl (0, 2, 3, 3.5, 4, 4.3, 4.5, 5, 5.3 and 5.5 %, w/v) were produced in medium prepared according to the formula for nutrient broth, but with variations in the additions of NaCl. The medium was adjusted to the desired pH by using sterile solutions of citric acid/Na 2 HPO 4 (pH 4.0 to 5.0), Na 2 HPO 4 /NaH 2 PO 4 buffer (pH 6.0 to 8.0), NaHCO 3 / Na 2 CO 3 buffer (pH 9.0 to 10.0) or Na 2 HPO 4 /NaOH buffer (pH 11.0) (Ruan et al., 2014) . Carbon source assimilation was performed by using Biolog GN2 MicroPlates (Biolog), the reaction results were read automatically with a Biolog Micro Station after incubation for 24 h and 48 h or longer until steady results occurred. Tests for enzyme activities and acid production from carbohydrates were conducted using API ZYM, API 50CH and API 20NE test kits (bioMérieux) according to the manufacturer's instructions. Cells of strain LAM0050
T were Gram-stain-negative, non-motile, catalase-positive, oxidase-positive and coccoid-shaped (diameter: 0.6 to 0.8 mm; Fig. S1 , available in the online Supplementary Material). Colonies on NA and TSA plates after incubation for 36h were circular, 2.5-4.0 mm in diameter, smooth, slightly yellow to light brown and with regular margins. Growth was observed at 4-52 8C (optimum between 30 and 35 8C), pH 5.1-9.7 (optimum 8.5) and 0-5.3 % (w/v) NaCl (optimum 0 %).
Positive for the utilization of c-hydroxybutyric acid, a-ketovaleric acid, L-threonine, c-aminobutyric acid, p-hydroxyphenlyacetic acid, phenylaceticacid, pyruvic acid methyl ester, succinic acid mono-methyl ester, acetic acid, cis-aconitic acid, citric acid, a-hydroxybutyric acid, b-hydroxybutyric acid, itaconic acid, a-ketobutyric acid, a-ketoglutaric acid, DL-lactic acid, propionic acid, sebacic acid, succinic acid, bromosuccinic acid, succinamic acid, Table 1 .
The cellular fatty acids of strain LAM0050
T and the reference strains were investigated. All strains were incubated on TSA (BD/Difco 236950) plates at 30 8C; cells were harvested in the late exponential phase. Fatty acid methyl esters were obtained through saponification, methylation and extraction according to the manufacturer's instructions, as described by Sakamoto et al. (2002) . The fatty acids were identified and quantified by the Sherlock Microbial Identification System with standard MIS Library Generation Software (VERSION 6.0 and Date 4, Microbial ID Inc., Newark, DE, USA) and a 6890N gas chromatograph (Agilent). The respiratory quinonens were analysed by using reversed-phase HPLC as described previously (Komagata & Suzuki, 1987) . Cellular polar lipids were extracted using a chloroform/methanol system and separated by two-dimensional TLC using silica gel 60 F 254 aluminium-backed thin-layer plates (Merck) (Kates, 1986) . Chloroform/methanol/water (65 : 24 : 4, by vol.) and chloroform/glacial acetic acid 95%/methanol/water (80 : 12 : 15 : 4, by vol.) solvent systems were used in the first and second dimensions, respectively. Separated components were visualized by treating the plates with 5 % (w/v) phosphomolybdic acid hydrate ethanol solution followed by heating at 140 8C for 10 min. Analysis of the results was performed as described by Fang et al. (2012) .
The major fatty acids of strain LAM0050 T were C 16 : 0 , C 17 : 0 cyclo, summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c) and summed feature 8 (C 18 : 1 v7c and/or . All strains in this study were positive for esterase lipase, leucine arylamidase, valine arylamidase, naphthol-AS-BI-phosphohydrolase enzyme activities and the utilization of pyruvic acid methyl ester, succinic acid mono-methyl ester, acetic acid, cis-aconitic acid, citric acid, a-hydroxybutyric acid, b-hydroxybutyric acid, itaconic acid, a-ketobutyric acid, a-ketoglutaric acid, DL-lactic acid, propionic acid, sebacic acid, succinic acid, bromosuccinic acid, succinamic acid, L-alaninamide, D-alanine, L-alanine, L-glutamic acid, L-leucine, L-ornithine, L-proline, adipicacid, malicacid and trisodiumcitrate. All strains were also negative for lipase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase enzyme activities and the utilization of D-mannose, N-acetylglucosamine and capricacid. Strains were cultivated with the same medium and under the same growth conditions. All of the results were obtained from this study, except where indicated. +, Positive; 2, negative; W, weak reaction. C 18 : 1 v6c). The composition and contents of the cellular fatty acids were similar among all strains, but differences existed in the amounts of anteiso-C 17 : 0 and C 18 : 0 2-OH in strain LAM0050 T compared with the related reference strains (Table S1 ). The major quinone of strain LAM0050
T was found to be Q-8. The main polar lipids of strain LAM0050
T were diphosphatidyglycerol, phosphatidylethanolamine, phosphatidylmethyl ethanolamine and four unidentified phospholipids (Fig. 1, Figs S2-S4 ).
Genomic DNA was extracted and purified as described by Marmur (1961) and amplified by PCR with the universal bacterial primers: 27F (59-AGAGTTTGATCCTGGCT CAG-39) and 1492R (59-GGTTACCTTGTTACGACTT-39). The purified PCR products were cloned into a pGEM-T vector and sequenced by the Life Technologies Company (Shanghai, China). Sequence similarities and multiple sequence alignments were analysed by the EzTaxon-e service and CLUSTAL X (Thompson et al., 1994) . The MEGA 6 program package (Tamura et al., 2013) was used to reconstruct phylogenetic trees by the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) methods, which were evaluated by bootstrap analyses with 1000 replications, as described by Felsenstein (1985) . Genomic DNA of strain LAM0050 T and its relatives was extracted as described by Marmur (1961) ; the purity was checked with a NANODROP 2000 (Thermo Scientific). A Beckman DU 800 spectrophotometer (Beckman Coulter) was used to determine the DNA G+C content by the thermal-denaturation method (Marmur & Doty, 1962) ; Escherichia coli K-12 was used as the reference strain. DNA-DNA hybridization (DDH) between strain LAM0050 T and A. faeciporci KCTC 23732 T was conducted through standard procedures based on the DNA-DNA liquid reassociation rate (De Ley et al., 1970 ).
An almost complete 16S rRNA gene sequence (1431 nt) was obtained from strain LAM0050
T . 16S rRNA gene sequence comparisons indicated that strain LAM0050 T showed 98.1 % sequence similarity with A. faeciporci KCTC 23732
T , 96.6 % with A. incenata CCUG 45225 T , 96.6 % with A. kashmirensis DSM 17095 T and 96.3 % with A. mimigardefordensis DSM 17166
T . In phylogenetic analysis based on 16S rRNA gene sequences, strain LAM0050
T clustered within the genus Advenella. Phylogenetic trees, obtained by using the neighbour-joining (Fig. 2) and maximum-parsimony methods (Fig. S5) , revealed a clear affiliation of strain LAM0050
T to the genus Advenella. It is evident from the phylogenetic tree based on the neighbour-joining algorithm (Fig. 2) that Coenye et al. (2005) and Matsuoka et al. (2012) . . DPG, diphosphatidyglycerol; PE, phosphatidylethanolamine; PME, phosphatidylmethylethanolamine; UPL1-4, unidentified phospholipids. The solvent systems chloroform/methanol/ water (65 : 24 : 4, by vol.) and chloroform/glacial acetic acid/ methanol/water (80 : 12 : 15 : 4, by vol.) were used in the first and second dimensions, respectively.
isolate LAM0050
T formed a distinct subline, clustering with the species A. faeciporci. The phylogenetic trees reconstructed by the maximum-likelihood methods also supported these results (Fig. S6) . The DNA G+C content of strain LAM0050
T was 51.2 mol% (T m ), which is in the range of members of the genus Advenella (49.5-58.0 mol%). The DNA-DNA hybridization value between strain LAM0050 T and A. faeciporci KCTC 23732 T was 41.7¡2.4 %.
In order to test the hydrocarbon degrading ability of strain LAM0050 T , cells in the exponential phase were inoculated into 100 ml of sterilized mineral medium with 3 % (v/v) of n-hexadecane as the sole carbon resource. After incubating on a shaker at 160 r.p.m. at 28 8C for one week, the residual n-hexadecane in the medium was extracted by n-hexane and then purified for a gas chromatographymass spectrometry (GC-MS) test. A sample (0.5 ml) was injected into an Agilent Gas Chromatograph (7890A) with flame ionization detector using a capillary HP-5MS column (5 % phenyl methyl silox, 30 m6250 mm6 0.25 mm). The initial oven temperature was maintained at 80 8C for 5 min, then increased to 165 8C at a rate of a 3 8C increase min
21
, maintained for 2min, and then increased to 270 8C at a rate of a 5 8C increase min 21 and maintained for 10 min. The injection temperature was maintained at 260 8C. The examination was performed in duplicate and medium without strain LAM0050
T was a blank control. The GC-MS results revealed that strain LAM0050
T was capable of degrading 45.7 % of the n-hexadecane, which indicated that the novel isolate potentially could be used in the bioremediation of sites with high concentrations of hydrocarbons.
Based on the phenotypic, phylogenetic and chemotaxonomic characterizations, strain LAM0050
T is considered T and 'Kinetoplastibacterium blastocrithidii' TCC012E were used as the out-groups. Bar, 0.005 nt substitution per nucleotide position.
